a2 United States Patent

Lincer et al.

US009195576B2

US 9,195,576 B2
*Nov. 24, 2015

(10) Patent No.:
(45) Date of Patent:

(54)

(71)
(72)

(73)

")

@
(22)

(65)

(63)

(1)

(52)

(58)

SHARED MEMORY ARCHITECTURE
Applicant: Lear Corporation, Southfield, MI (US)

Inventors: Stanislav Lincer, Valls (ES); David
Gamez Alari, Valls (ES); Jordi Moreno
Aymami, Valls (ES); Antoni Ferre
Fabregas, Valls (ES)

Assignee: Lear Corporation, Southfield, MI (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 13/921,452

Filed: Jun. 19, 2013
Prior Publication Data
US 2013/0282990 A1 Oct. 24, 2013

Related U.S. Application Data

Continuation of application No. 12/796,833, filed on
Jun. 9, 2010, now Pat. No. 8,495,601.

Int. Cl.

GOG6F 9/46 (2006.01)

GO6F 9/44 (2006.01)
(Continued)

U.S. CL

CPC . GOGF 12/00 (2013.01); B60L 3/12 (2013.01);
B6OL 11/1861 (2013.01); HOIM 10/48
(2013.01); B60L 2240/545 (2013.01):

(Continued)

Field of Classification Search
CPC ... GOG6F 9/44521; GOGF 9/44516; GOGF 8/36;
GOGF 12/00; GOGF 9/526; GOGF 9/542;
GOGF 9/465; GOGF 9/54
See application file for complete search history.

[452

APPLICATION
EXECUTION

------ CALLTOSHARED ___ |
[ ON

/-66

(56) References Cited
U.S. PATENT DOCUMENTS

5,297,284 A
5,634,058 A *

3/1994 Jones et al.
5/1997 Allenetal. .....ccc.c........ 717/163

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1489120 A 4/2004
CN 1504891 A 6/2004

(Continued)

OTHER PUBLICATIONS

Tota et al., MEDEA: a hybrid shared-memory/message-passing mul-
tiprocessor NoC-based architecture, Mar. 2010, 6 pages.*

(Continued)

Primary Examiner — Thuy Dao
(74) Attorney, Agent, or Firm — Brooks Kushman P.C.

(57) ABSTRACT

A memory architecture includes a non-volatile, application
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functions capable of being called by first application, a non-
volatile launcher memory block having second application
code for application functions capable of being called by a
second application, a non-volatile, shared memory block hav-
ing shared code for shared functions, and a fixed memory
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shared function pointers, and a volatile memory storing call-
back pointers. The second application code is launcher code
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with each one of the shared functions. The callback pointers
point to callback function code when the first application is
executing and to callback function code when the second
application is executing.
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1
SHARED MEMORY ARCHITECTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/796,833 filed Jun. 9, 2010, now U.S. Pat. No. 8,495,
601 issued Jul. 23, 2013, which relates to concurrently filed
and commonly owned U.S. application Ser. No. 12/796,774,
entitled Method and System of Updating Shared Memory,
filed Jun. 9, 2010, now U.S. Pat. No. 8,539,472 issued Sept.
17, 2013, the disclosure of which is incorporated in its
entirety by reference herein.

TECHNICAL FIELD

The presenting invention relates to a shared memory archi-
tecture where code or other data sufficient to support shared
functionality is stored to a shared memory block.

BACKGROUND

Software code, such as the type used to support functions
performed by a central processing unit (CPU), is typically
written to perform specific operations. The code associated
with one piece of software may not be usable with code
written for another piece of software. When a memory is
tasked with storing code for multiple pieces of software, the
code for each piece of software must be fully stored to the
memory. In the event two or more pieces of the software
facilitate execution of the same or similar functions, memory
space is allocated to store the corresponding code for each of
the two or more piece of software. This creates redundancy in
so far as duplicate code is stored for the same or similar
functions.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is pointed out with particularity in
the appended claims. However, other features of the present
invention will become more apparent and the present inven-
tion will be best understood by referring to the following
detailed description in conjunction with the accompany
drawings in which:

FIG. 1 illustrates a vehicle control system in accordance
with one non-limiting aspect of the present invention;

FIG. 2 illustrates a memory map of a non-volatile memory
in accordance with one non-limiting aspect of the present
invention;

FIGS. 3-4 illustrate a memory map of a volatile memory in
accordance with one non-limiting aspect ofthe present inven-
tion; and

FIG. 5 illustrates a flowchart for execution of a shared
function in accordance with one non-limiting aspect of the
present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a vehicle control system 10 in accordance
with one non-limiting aspect of the present invention. The
vehicle control system 10 may be included within a vehicle
(not shown) having a number of vehicle subsystems (not
shown) controlled by one or more vehicle subsystem control-
lers 12, 14, 16, such as but not limited to vehicle infortain-
ment, security (passive entry, remote keyless entry, etc.), illu-
mination, heating and air conditioning, and engine control
subsystems. The operation, update, interaction, and control of
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the vehicle subsystems may be directed with communications
carried over a vehicle bus 18 according to instructions issued
by a master controller 20. While this vehicle system 10 is
presented, it is presented only for exemplary purposes and to
demonstrate one of many environments where the present
invention may be applicable. The present invention fully con-
templates its application to other non-vehicle environments.

The illustrated vehicle-based environment represents one
environment where it may be necessary to periodically update
a non-volatile memory 22 of a memory 24 having a shared
memory block 26. The vehicle environment also represents
one environment where controllers 12, 14, 16 may be
required to operate and/or communicate with other control-
lers 12, 14, 16 over communication bus 18 and/or wirelessly.
In the exemplary illustration, the controller 16 is labeled as a
battery monitoring system (BMS) controller 16. The BMS
controller 16 is configured to operate in cooperation with
hardware of a BMS (not shown) that is operable, for example,
to measure current flow, battery temperature, and to perform
any number of other operations relate to a vehicle battery. The
U.S. patent application Ser. No. 12/486,847, entitled Battery
Monitoring System, the disclosure of which is hereby incor-
porated in its entirety by reference, describes one such BMS.

In addition to the shared memory block 26, the memory 24
of the BMS controller 16 is shown to include a launcher
memory block 28 and an application memory block 30. The
application memory block 30 stores code associated with an
application. The application may be operational to perform
various functions associated with the BMS, such as to facili-
tate measure and reporting current flow to one or more of the
other controllers (the master is also considered to be a con-
troller). The launcher memory block 28 stores code associ-
ated with a launcher. The launcher may be configured to
facilitate start-up and/or initialization of the BMS, such as but
not limited to loading drivers 32 and/or otherwise facilitating
operations needed in order for the application to execute its
desired operations.

The BMS controller 16 may include a volatile memory
block 34 having a random accessory memory RAM 36 block.
The volatile memory 34, unlike the non-volatile memory 22,
erases any stored code each time the BMS controller 16 is
reset or power is lost. The volatile memory 34, as described
below, may be loaded with software code particular to sup-
porting functions associated with the launcher and the appli-
cation. Optionally, different sets of code may be written to the
RAM 36 depending on whether the launcher or application is
currently executing. One non-limiting aspect of the present
invention contemplates an arrangement where only code
from one of the launcher or application is written to the RAM
36, or at least to particular locations of the RAM 36 dedicated
to support the shared functionality contemplated by the
present invention, which is described in more detail below.

The BMS controller 16 is shown to include a central pro-
cessing unit (CPU) 38. The CPU 38 may be configured to
execute operations according to instructions read from the
memory 22, e.g., to facilitate operations associated with the
launcher and application. The CPU 38 may also be configured
to facilitate writing code to the memory 22, such as to support
some of the operations described below in more detail. The
CPU 38 is shown to interact with the drivers 32 used to
interact with the hardware components of the BMS, including
hardware components required to support communications
with the other controllers 12, 14 over the vehicle bus 18.

The communications carried out between the BMS con-
troller 16 and one or more of the other controllers 12, 14 may
be directed and/or executed according to communication
code stored in the shared memory block 26. The communi-
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cation code may be stored in the shared memory block 26 and
used by both of the launcher and application when executing
communication related operations (optionally, the shared
memory 26 may be used by other applications and/or features
operating on the BMS controller 16). The use of the shared
memory 26 may be beneficial if the volume of communica-
tion code needed to support communications is rather larger.
The ability to share the communication code, as opposed to
storing separate sets of communication code for each of the
launcher and application, may reduce the overall volume of
communication code needed to support the launcher, appli-
cation and other communication depending elements, if any.

FIG. 2 illustrates a memory map 50 of the non-volatile
memory 22 in accordance with one non-limiting aspect of the
present invention. The memory map 50 indicates the structure
of data within the non-volatile memory 22 according to the
function or operation to be executed according to the data
read from the corresponding memory location. The particular
pieces of data, also referred to herein interchangeably as code,
required to execute the indicated functions/operations need
not be clustered or arranged in the illustrated patterns. As one
skilled in the art will appreciate, a compiler associated with
each section of memory 24 may scatter or otherwise organize
the data in other patterns. The compiler, in that case, would
keep track of each memory location required to read in order
to perform each of the indicated functions.

The non-volatile memory map 50 illustrates the non-vola-
tile memory 22 having at least three maps, one for each of the
application memory block 30, shared function memory block
26, and launcher memory block 28.

An application memory map 52 illustrates a number of
functions executable by reading code stored therein, which
for exemplary purposes are labeled as calls to shared func-
tions 1, 2, 3, 4, n that result in a call to a corresponding one of
the shared functions of the shared memory block 26; appli-
cation proprietary functions that relate to various functions
performed by the application, such as but not limited to those
associated with determining current flow, temperature, and
other information associated with operation of the BMS 16;
and application callback functions that are to be executed in
case of error or in the case other actions to be execute as a
result of at least one of the shared functions.

A launcher memory map 54 illustrates a number of func-
tions executable by reading code stored therein, which for
exemplary purposes are labeled as calls to shared functions 1,
2, 3, 4, n that result in a call to a corresponding one of the
shared functions of the shared memory block 26; launcher
proprietary functions that relate to various functions per-
formed by the launcher, such as but not limited to those
associated with loading drivers and enabling ports; and appli-
cation callback functions that are to be executed in case of
error or in the case other actions to be execute as a result of at
least one of the shared functions.

A shared function memory map 56 illustrates a number of
functions executable by reading code stored therein, which
for exemplary purposes are labeled as shared functions 1, 2, 3,
4,1, such as a transmit data function that can be used by either
one of the application and launcher to transmit data over the
vehicle bus; and pointers to the shared functions 1, 2, 3, 4, n.
Any number of n number of shared functions may be facilitate
with code stored to the shared memory block 26. The shared
function labels uniquely identify the shared function associ-
ated therewith. Numerical values are shown as the unique
labels for exemplary purposes as any label could be used. The
pointers direct calls received from the launcher and the appli-
cation to alocation of the share memory block 26 correspond-
ing with the requested shared function.
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The locations of the shared memory block 26 dedicated to
the shared function pointers remains fixed, both in size and/or
location, as long as code to the n number of shared functions
is stored to the shared memory block. In this manner, the code
stored in the shared memory block 26 may be updated or
otherwise manipulated with a compiler without effecting the
storage location and designation of the shared function point-
ers. The location to which the shared functions pointer point,
however, may be updated with compiling, such as if the
location of the pointer to shared function code should change,
which may occur if the size of one or more of the shared
functions changes after compiling.

By fixing the location of each of the shared function point-
ers and the shared function to which each pointer points, the
present invention is able to provide a known location for the
calls received from the launcher and application. The
launcher and application need only program each of the
shared function calls to point to the corresponding pointer of
the matching shared function, i.e., the launcher and applica-
tion need not know or keep track of the corresponding loca-
tion of the shared function since the pointers to each of the
shared functions are known and remains fixed.

One non-limiting aspect of the present invention contem-
plates arranging the storage of each of the shared function
pointers according to the unique label association therewith
such that the code associated with the shared function pointer
1 is arranged in front of the code associated with shared
function pointer 2 and the code associated with the shared
function pointer 2 is arranged in from of the code associated
with the shared function pointer 3, etc. This type of arrange-
ment may correspond with arranging a physical storage loca-
tion of the corresponding pointer code and/or the address at
which the code is understood to be located, i.e., pointer code
could be stored at any locations as long as the same address
always point to the location of the pointer code. In the event
shared functions are added, additional pointers may be added
to physical locations following the other pointers and/or to
addresses following the other pointers (e.g., the new address
may increment one from the last addresses of the other point-
ers).

FIGS. 3-4 illustrate a memory map 58 of the volatile
memory 54 in accordance with one non-limiting aspect of the
present invention. The memory map 58 indicates the structure
of data within the volatile memory 34 according to the func-
tion or operation to be executed according to the data read
from the corresponding memory location. FIG. 3 illustrates
the memory map 58 associated with the RAM 36 when the
application is executing and FIG. 4 illustrates the memory
map 58 associated with the RAM 36 when the launcher is
executing, or in particular, when a bootloader application
included as a part of the launcher is executing.

The function provided by the code in the RAM 36 is iden-
tified by the unique label associated therewith. Depending on
whether the application or bootloader is operational, a portion
of'the RAM 36 will store code associated with application or
bootloader propriety functions, such as those required to sup-
port the operation ofthe application and bootloader, such as to
store code capable of performing measurements and other
operations at speeds greater than that could be performed by
similar code stored in the non-volatile memory and commu-
nication functions which are not required to be shared. Other
portions of the RAM 36 will store pointers to callback func-
tions for each of the shared functions, i.e., shared functions 1,
2, 3, 4, through n. The callback function pointers may be
identified as bootloader callback function pointers or appli-
cation callback function pointers and used to point to specific
callback functions within the memory maps 52, 54 of the
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application and bootloader that are to be performed in the case
of error or other desired action to result from the execution of
the correspondingly labeled shared function.

Like the pointers stored within the shared memory block
28, the pointers stored in the volatile memory block 34 may be
stored in a fixed location assigned to each of the n number of
shared functions. The shared functions are each configured to
point to the same location within the RAM 36, i.e., the loca-
tion that corresponds with the identity of the shared function
causing the callback. There is no need to identify the operat-
ing one or the bootloader and application within the shared
function code since the location ofthe pointers inthe RAM 36
are fixed and different pointers are stored into those fixed
locations depending on whether the application or bootloader
are operational.

FIG. 5 illustrates a flowchart for execution of a shared
function in accordance with one non-limiting aspect of the
present invention. The application is shown to be originating
a call of the shared function for exemplary purposes and
without intending to limit the scope and contemplated of the
present invention. One non-limiting aspect of the present
invention contemplates originating the call from either one or
the launcher and application so as to allow the same code to be
used by multiple pieces of software, i.e., the launcher and the
application. The execution of the shared function, regardless
of whether the shared function was called by the application,
the launcher, or some other piece of software, would execute
in a manner similar to that shown in FIG. 5.

For exemplary purposes, the called shared function is pre-
dominately described with respect to be a transmit data func-
tion. The transmit data function may relate to the application
requesting permission from the master 20 to transit data over
the vehicle bus 18, such as to transmit data associated with a
current measurement value or other information calculated
by the BMS 16 to one or more of the vehicle subsystems 12,
14. In the event another relationship exist between the BMS
16 and the master 20, such as if the master is a client and the
BMS 16 is a server, another exchange may take between the
master 20 and BMS 16 before the transmit data function is
executed, including the BMS 16 having the capability to
transmit data at its own initiative. The called shared function
is described with respect to being a communication related
function as one non-limiting aspect of the present invention
contemplates reducing memory space associated with com-
munication related functions by allowing two or more pieces
of software to share at least some of the same code to facilitate
communication related functions.

Block 62 relates to the CPU 38 executing a call to execute
the transmit data function (shared function) according to code
read from the application memory block 30. The call is
executed by the CPU 38 reading the portion of the application
memory block 30 identified within the application memory
map 52 to correspond with the desired shared function, which
for exemplary purposes is selected to correspond with shared
function 3. Block 64 relates to CPU 38 reading a pointer
stored as part of the called shared function that points to the
pointer of the called shared function stored within the shared
memory block 26. Each shared function call for each of the
application and launcher includes a pointer to the related
pointer stored within the shared memory block 26. Because
the pointers stored within the shared memory block 26 are
fixed, the pointers of each of the calls to the shared function
similarly pointer to the same fixed location.

Block 66 relates to the CPU 38 executing the shared func-
tion according to code read from the shared memory block 26.
In the event the shared function executes without requiring a
callback, i.e., the called shared function completes and/or no
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other callback results from completion of the function, the
shared function is considered executed and a return is made to
Block 62. In the event a callback occurs, i.e., the called shared
function fails to completely execute or the complete execu-
tion of the called shared function produces an event requiring
callback; the CPU 38 recovers the callback pointer assigned
to the corresponding shared function from the RAM 36 in
Block 68.

The shared function code stored in the shared memory map
56 includes a pointer that points to a location with the RAM
36 assigned to pointer to the callback function to be executed
by the CPU 38 in case of callback (one or more of the shared
functions may include pointer to one or more of the same or
different RAM 36 locations). Since the callback pointers
stored in RAM 36 are loaded depending on whether the
application or launcher is executing, the code of the shared
functions stored in the shared function memory block 26 need
not identify the callback function to be associated with one of
the launcher or the application. In Block 70, the CPU 38 then
executes the callback function pointed to by the callback
pointer stored in the RAM 36 according to code correspond-
ingly stored in application memory block 30 for the corre-
sponding callback function, or in the event the launcher was
executing, from the callback code stored in the launcher
memory block 28. Optionally, once the callback function is
completed, processing may return to that dedicated by the
shared function originating the callback function.

As required, detailed embodiments of the present invention
are disclosed herein; however, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion that may be embodied in various and alternative forms.
The figures are not necessarily to scale, some features may be
exaggerated or minimized to show details of particular com-
ponents. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but
merely as a representative basis for the claims and/or as a
representative basis for teaching one skilled in the art to
variously employ the present invention. The features of vari-
ous implementing embodiments may be combined to form
further embodiments of the invention.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the invention. Rather, the words used in the specifi-
cation are words of description rather than limitation, and it is
understood that various changes may be made without depart-
ing from the spirit and scope of the invention. Additionally,
the features of various implementing embodiments may be
combined to form further embodiments of the invention.

What is claimed is:

1. A memory architecture comprising:

a non-volatile, application memory block having first
application code for application functions capable of
being called by a first application;

a non-volatile, launcher memory block having second
application code for application functions capable of
being called by a second application, the second appli-
cation code being launcher code that is operable to ini-
tialize the first application code;

a non-volatile, shared memory block having shared code
for shared functions; and

fixed memory locations dedicated within the shared
memory block to store shared function pointers; and

volatile memory storing callback pointers, at least one
associated with each one of the shared functions,
wherein the callback pointers point to callback function
code stored within the non-volatile, application memory
block having first application code when the first appli-
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cation is executing and to callback function code stored
within the non-volatile, launcher memory block having
second application code when the second application is
executing.

2. The memory architecture of claim 1 wherein volatile
memory does not simultaneously store pointers to callback
function code stored within the non-volatile, application
memory block having first application code and the non-
volatile, launcher memory block having second application
code.

3. The memory architecture of claim 1 wherein callback
pointers are stored in fixed locations of the volatile memory
such the callback pointers for each of the shared functions are
stored at the same location for each of the first and second
applications.

4. The memory architecture of claim 3 wherein the code
stored in the shared memory block for each of the shared
functions includes a pointer to the fixed location of the one of
the callback pointers associated with each shared function.

5. The memory architecture of claim 1 wherein fixed
memory locations store the same one of the shared function
pointers following each compiling of the shared code where
at least the same shared functions are still available.

6. The memory architecture of claim 1 wherein an amount
of memory required to store the shared code for at least one of
the shared functions increases in size following compiling
and wherein each of the shared function pointers remain in the
same one of the locations after the compiling.

7. A battery monitoring system (BMS) controller compris-
ing:
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a non-volatile, application memory block having applica-
tion code for an application operable to execute battery
monitoring related functions;

a non-volatile, launcher memory block having launcher
code for a launcher operable for initializing the BMS;

a non-volatile, shared memory block having shared code
for shared functions;

fixed memory locations dedicated within the shared
memory block to store shared function pointers; and

a volatile memory storing callback pointers, wherein the
callback pointers point to code stored in the application
memory block in the event the application is operating
and to code stored in the launcher memory block in the
event the launcher is operating.

8. The BMS controller of claim 7 wherein callback pointers
are stored in fixed locations of the volatile memory such that
the callback pointers are stored at the same location while
each of the launcher and applications are operating.

9. The BMS controller of claim 7 wherein the fixed
memory locations store the same one of the shared function
pointers following each compiling of the shared code where
at least the same shared functions are still available.

10. The BMS controller of claim 9 wherein an amount of
memory required to store the shared code for at least one of
the shared functions increases in size following compiling
and wherein each of the shared function pointers remain in the
same one of the locations after the compiling.

11. The BMS controller of claim 7 wherein each of the
launcher memory block and application memory block store
pointers, one associated with each one of the of fixed location
of the shared memory block.

#* #* #* #* #*
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